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INTRODUCTION

Target proteins in 
Rhodopseudomonas palustris have 
been expressed as fusions with affinity 
labels to enable isolation of protein 
complexes.

Component proteins of several 
complexes have been affinity-isolated 
and characterized by MS.

The bacterial species Rhodopseudomonas palustris [1]
occurs widely in the environment 
survives in a variety of conditions

light / dark
aerobic / anaerobic

This species thus has the potential to express markedly 
different complements of proteins and protein 
complexes under different growth conditions.  

As part of a center funded by the U.S. Department of 
Energy Genomes To Life program [2,3], we are 
analyzing protein complexes from R. palustris by 
expressing target proteins as fusions with affinity tags to 
allow subsequent isolation of other proteins associated 
with the target [4].

The MS analysis approach includes
Bottom-up analysis of affinity-isolated complexes 
(this poster)
Bottom-up proteomics of R. palustris proteins 
(poster ThPT 382, VerBerkmoes et al.)
Top-down analysis of intact proteins by FT-ICR-MS 
(poster MPU 390, Connelly et al.)
Integrated top-down and bottom-up 
characterization [5] of a conventionally-isolated 
complex (70S ribosome from R. palustris). [6] 
(poster ThPN 270, Strader et al.)
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Selected R. palustris genes were cloned with affinity tags [7] and 
expressed in both E. coli and R. palustris using modified pDEST
vectors (Invitrogen).

Tag contains both His6 and V5 epitope
C-terminal position

Isolation of fusion proteins 
Affinity purification with Ni-NTA agarose beads, followed by anti-V5 
antibody agarose beads
Expression confirmed using 1-D PAGE and western blots.  

“Shotgun” analysis: analysis by mass spectrometry without prior 
gel separation [8]

trypsin digestion
Reverse-phase HPLC separation online with electrospray/quadrupole 
ion trap MS-MS 
Protein ID’s: Sequest [9] analysis of tandem mass spectral data using 
R. palustris database [1] .

RESULTS

Plasmids encoding 42 affinity-tagged fusion proteins have been inserted into R. palustris
(Table 1).  

Choice of target proteins guided by proteomics measurements (poster ThPT 382, 
VerBerkmoes et al.)

Multiple protein components of several complexes have been identified:
Iron nitrogenase (Table 2)
RNA polymerase (Table 3)
ATP synthase
GroESL

Over 400 “background” (i.e., unlabeled) proteins were commonly observed in numerous 
LC-MS-MS experiments. Figure 1 shows the most frequently detected of these.  

Based on this expanding library of background measurements, we are currently developing 
criteria for determining whether detection of a given protein in a particular isolation/mass 
spectrometry experiment represents a valid “hit.”

One rough indication of a valid “hit” may be whether selected parameters for a 
detection (e.g. sequence coverage, number of unique peptides, total number of 
peptide spectra) significantly exceed those observed in the background for that 
protein.  
As more measurements are made, the background library expands, and “hits” can be 
continually re-evaluated and refined.

Significant progress is reported in 
expression, isolation, and detection of 
protein complexes in R. palustris.  

Development of more robust methods for 
identifying proteins associated with the 
tagged protein is underway, based on the 
expanding, well-characterized background 
library that we are amassing.

Future plans include:

Implementation of improved separations 
techniques, online with mass 
spectrometry, that provide wider dynamic 
range and potentially faster throughput

Integration with high-mass-accuracy 
measurements of both peptides and 
intact proteins.

Development of digestion protocols that 
are faster, amenable to smaller sample 
sizes, and more compatible with 
subsequent MS analysis. [10]

Table 2:  Isolation of Nitrogenase complex

Three proteins in a nitrogenase complex (nifD, nifH, nifK) were each cloned with both 
His6 and V5 epitope tags, expressed under photoheterotrophic, nitrogen-fixing 
conditions, and isolated.

LC-MS-MS analysis of the isolate from each labeled component showed evidence for 
all three components of the nitrogenase complex.

ND:  not detected by mass spectrometry

27633phosphoribulokinasecbbPRPA4644

47434RuBisCo FormIIcbbMRPA4641

25112nitrogenase iron-proteinnifHRPA4620

16338nitrogenase alpha subunitnifDRPA4619

14719nitrogenase beta subunitnifKRPA4618

14217sulfite dehydrogenasesoxBRPA4465

13615molybdopterin subunit sulfite oxidasesoxCRPA4464

26173Clp endopeptidase ATP-binding subunit clpBRPA4433

16218unknown proteinRPA4050

15016cdp-glucose 4,6-dehydrataserfbGRPA4049

1308alpha-D-glucose-1-phosphaterfbFRPA4048

1252conserved unknown proteinRPA3878

24145fumarate hydratase, class IfumARPA3876

24320NADP-dependent isocitrate dehydrogenaseidhRPA3834

1NDNDAAA ATPaseRPA3618

26362elongation factor GfusA, EF-GRPA3253

2NDNDelongation factor TutufA, EF-TuRPA3252

1721350S ribosomal protein L23rplWRPA3248

142950S ribosomal protein L2rplBRPA3247

27337DNA-directed RNA polymerase alpha subunitrpoARPA3226

1NDNDendopeptidase Clp: ATP-binding chain A clpARPA3147

2408unknown proteinRPA2969RPA2969

15636glutamine synthetase IglnARPA2967

1NDNDpyruvate dehydrogenase E1 alpha subunitRPA2867

1232conserved unknown proteinRPA2462RPA2462

1NDNDdinitrogenase reductase activatingdraGRPA2406

1NDNDNAD+ ADP-ribosyltransferasedraTRPA2405

1NDNDpossible iron response transcription regulator RPA2339

37326unknown proteinRPA2336RPA2336

4416small subunit of GroESL molecular chaperonegroES 2RPA2165

97262large subunit of GroESL molecular chaperonegroEL 2RPA2164

28228ribose 5-phosphate isomerasecbbI, rpiA, ppiRPA1981

1NDNDphosphoglycolate phosphatasecbbZRPA1980

2NDNDH subunit of photosynthetic reaction centerpuhARPA1548

3659small subunit of GroESL molecular chaperonegroES 1RPA1141

66745uptake hydrogenase large subunit hupLRPA0963

251uptake hydrogenase small subunithupSRPA0962

11.41signal recognition particleffh/ftsYRPA0245

17641malate dehydrogenasemdhRPA0192

16016succinyl-coA synthetase beta chain sucCRPA0191

16018succinyl-CoA synthetase alpha-subunit sucDRPA0190

77935ATP synthase beta subunitatpDRPA0176

# trials% sequence 
coverage

Unique 
peptid
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DescriptionNameGene #

Typical ResultsTable 1.  Affinity-tagged proteins

nifK nifD nifH
seq

cov. (%)
unique

peptides
seq

cov. (%)
unique

peptides
seq

cov. (%)
unique

peptides

nifK 47 19 54 31 6 2
nifD 41 19 63 38 14 4
nifH 22 4 17 3 29 9

Tagged
Protein:

Table 3:  Isolation of RNA Polymerase complex

The alpha subunit of a DNA-directed RNA polymerase complex was cloned with both 
His6 and V5 epitope tags, expressed in R. palustris, and isolated.

LC-MS-MS analysis of the isolate showed evidence for the beta, beta’, and omega 
subunits of the complex.  Additionally, two sigma factors for this polymerase were 
observed.  These sigma factors are sub-stoichiometric, and associate with the 
polymerase under different conditions of growth or stress.

2628RNA polyerase beta’
subunitRPA3267

113RNA polymerase sigma 
subunitRPA1288

4250RNA polymerase beta 
subunitRPA3268

62Stress response sigma 
factorRPA0367

534RNA polyerase omega 
subunitRPA2692

7337DNA-directed RNA 
polymerase alpha subunitRPA3226 (tagged)

sequence
coverage (%)

unique
peptides

DescriptionGene
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Figure 1.  Background proteins observed by LC-MS-MS in Affinity Isolation Experiments
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conserved unknown protein, RPA1653
conserved unknown protein, RPA4330

possible CobW protein involved in cobalamin synthesis, RPA0861
formyltetrahydrofolate deformylase, RPA4032

unknown protein, RPA1824
chaperonin GroEL2, cpn60, RPA2164

possible GTP cyclohydrolase II, riboflavin biosynthesis, RPA1093
fructose-bisphosphate aldolase, RPA4642

unknown protein, RPA3786
dihydroxy-acid dehydratase, RPA3472
conserved unknown protein, RPA4191

putative ribonuclease E, RPA2450
conserved unknown protein, RPA1157
chaperonin GroEL1, cpn60, RPA1140

FeoA family, RPA4636
transcriptional regulator, FUR family; probable FUR protein, RPA0450

possible dehydrogenase, RPA0422
possible outer membrane lipoprotein GNA33, RPA0304

possible DNA-binding protein hu-alpha (NS2) (HU-2), RPA2953
DUF88, RPA2691

CBS domain, RPA1220
ribosomal protein S5, RPA3233

phosphomethylpyrimidine kinase (hmp-phosphate kinase), RPA3971
nitrogen regulatory protein PTSI(NTR), RPA0605
UDP-N-acetylmuramate-alanine ligase, RPA3529

putative H+-transporting ATP synthase beta chain., RPA0176
DUF156, RPA1661

elongation factor Tu, RPA3252
conserved hypothetical protein, RPA2050

peroxiredoxin-like protein, RPA4268
unknown protein, RPA2552

two-component transcriptional regulator, winged helix family, RPA1930
50S ribosomal protein L2, RPA3247
30S ribosomal protein S2, RPA2922

putative H+-transporting ATP synthase alpha chain., RPA0178

Frequency of appearance in MS measurement (%)


